element, the transition between topological trivial and nontrivial states can be realized in a simple cubic Kondo insulator prototyped using SmB 6 . 12 Both first-principles calculation and experiments suggest that the simple cubic SmB 6 with a mixed valence state is a candidate topological Kondo insulator (TKI). [15] [16] [17] [18] [19] PuB 6 is also predicted as candidate TKI by first-principles calculation. 20 Very recently, Weng et al. have predicted that the simple cubic YbB 6 is a candidate topological insulator, while YbB 12 with a rock-salt structure is a potential candidate topological crystalline insulator with a nontrivial mirror Chern number protected by mirror symmetry. 21, 22 Angle-resolved photoemission spectroscopy (ARPES) also suggested YbB 6 as a candidate TKI. 23 In fact, there are hundreds of rare-earth compounds RX with a rock-salt structure, with R referring to the rare-earth Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu, and X standing for the pnictide atoms N, P, As, Sb, Bi and the chalcogenide atoms O, S, Se, Te, Po. 24 There are many semiconductors or semimetals with different combinations of R and X. In particular, for the chalcogenides of Eu, Sm, and Yb, 25 a fluctuating valence state is accessible under ambient or high pressure. [26] [27] [28] [29] [30] [31] These rare-earth compounds providing a high probability of finding more TKIs, although there are few TKIs predicted in rare-earth pnictides and chalcogenides with a rock-salt structure at present.
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In this work, we employ first-principles calculation based on the density functional theory (DFT) with the modified Becke-Johnson local density approximation plus Hubbard U (MBJLDA+U) to study the band topology of the Yb monochalcogenides YbO and YbS with a rock-salt structure (shown in Fig. 1 ). Experimentally, both YbO and YbS are insulators with band gaps of 0.32 and 1.40 eV respectively, at ambient pressure, 29, 30 and YbO is on the margin of a mixed valence state. 24 Our MBJLDA+U calculations predict that, at ambient pressure, both YbO and YbS are trivial insulators with band gaps of about 0.24 and 1.26 eV, respectively, and both of them will undergo a topological phase transition to a nontrivial topological metallic state under high pressure. The insulator-metal transition under high pressure is consistent with the experimental result. 29, 30 The novelty of this work is that we also predict that this transition is a topological phase transition, i.e., the insulating and metallic phases have different band topologies. The mechanism for this topological phase transition is pressure-driven band inversion at the time-reversal invariant momentum (TRIM) point X between the 4f -dominating band and the 5d conduction band owing to the increasing bandwidth of 5d-derived states under high pressure. At ambient pressure, the Yb atom in both YbO and
YbS is divalent because of the electronic correlation mimicked by Hubbard U, which localizes the 4f -orbitals and suppresses the charge transfer between the 4f-and 5d-orbitals. The suppressed charge transfer between the 4f-and 5d-orbitals renders the band topology of YbO trivial. Under high pressure, the bandwidth of the 5d-orbital clearly increases. Once the band minimum of the 5d-orbital is lower than the band maximum of the 4f -orbital, charge transfer between the 4f-and 5d-orbitals will take place. The pressure-induced charge transfer will lead to a mixed valence state in YbO and YbS, which is a necessary condition for TKI.
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Methods
The DFT calculations employed the all-electron, full-potential linearized augmented plane wave (FPLAPW) method with MBJLDA implemented in the WIEN2K code. 33, 34 To account for the on-site 4 f -electron correlations, we applied the MBJLDA + U scheme that incorporates the on-site Coulomb repulsion U and the Hund's rule coupling strength J H with an approximation correction for self-interaction correction (SIC) for the Yb 4f -orbitals. 35 The spin-orbit coupling was included in the self-consistent calculations, and the on-site Hund's exchange parameter J H was set to zero. We used R MT ×K max =9.0, muffin-tin radii of 2.50 a.u. The basis set consisted of the Yb 4 f , 5d, 6s, and 6p valence states, the Yb 5s and 5p semicore states (treated in another energy window), and the O, S 3s semicore and 3p valence states.
Results and Discussion
Ambient pressure The calculated band structures of YbO and YbS at ambient pressure are shown in Fig. 2 . Both YbO and YbS are predicted as good metals by MBJLDA calculation, and the band inversion between 5d-and 4f -orbitals exists in both band structures. However,
YbO is a semiconductor with a 0.32 eV band gap, and YbS is an insulator with a 1.40 eV band gap as determined by experiment. 29, 30 While the MBJLDA calculation is crucial for the noninteracting topological insulators, 36 and describes accurately the correlation effects of the 5d states, it can't describe well those of the more localized 4 f states, whose treatment still requires an additional Hubbard U value. 37, 38 The MBJLDA+U calculations with U of ∼ 3.0 eV render a band gap of ∼0.24 eV for YbO, while YbS needs a larger Hubbard U=7.0 eV to obtain a band gap of 1.26 eV. Our band YbS become metallic without a global band gap under high pressure. In contrast to the band structures of YbO and YbS at ambient pressure, the bandwidth of 5d-dominating bands increases significantly under high pressure, and band inversion indeed takes place around the X point. This band inversion will change the parity of occupied bands at the X point. 40 Since the 4f -orbital is odd under spatial inversion, while 5d-orbital is even, the d-f hybridization vanishes at the X point, and each band at the X point has definite parity eigenvalues. The parity eigenvalues at all time-reversal invariant momentum points, including one Γ, three X points and four L points, are listed in Table I . Although both YbO and YbS are metals under high pressure, we still can define the Z 2 topological invariant owing to finite local band gap over the entire BZ. 40 In fact, except the well-known topological metal bismuth, several more topological metals have been predicted, such as the nonmagnetic GdBiPt, 41 identical parities) eigenvalues, δ i , for all the occupied states at the TRIM points, cells. The surface state is shown in Fig. 5 , and the 4f -electron pocket is slightly downward shifted to clearly show the surface state. We can find a pair of metallic surface state around theΓ point. The bulk Dirac cone also is also present near theΓ point. This surface state is very similar to the [010] surface state of Na 3 Bi, 46 in which a pair of metallic surface states coexist with the bulk Dirac cone.
Summary
In summary, we predict pressure-induced topological phase transition in the chalco- surface state.
